The cellular mechanism of glucocorticoid effects upon fetal lung was examined in studies of specific binding'activity for corticosteroids. Cytoplasm of fetal rabbit lung contains receptor sites for [3Hjdexamethasone at a concentration of 0.43 + 0.04 'pmol/mg of cytosol protein, and the apparent dissociation constant for the binding reaction is 2.7 4± 0.4 nM. The ability of various steroids to compete with labeled dexamethasone for binding to receptor correlates with their biologic potency. The hormone-receptor complex formed in vitro at 00 binds with high affinity at 200 to isolated lung nuclei. It is estimated that there are 9500 nuclear binding sites and 12,000 cytoplasmic receptor sites per fetal lung cell.
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During the last 12 days of gestation in a rabbit, the concentration of cytoplasmic receptor in lung is constant and is 2-to 5-times greater than receptor-site concentration in fetal skin, kidney, heart, muscle, gut, liver, brain, thymus, and placenta. These findings demonstrate that the early steps in the mechanism of glucocorticoid action in target tissues are present in lung cells, and suggest that these hormones accelerate fetal lung differentiation and surfactant production in animals by the induction of new protein synthesis mediated by receptor.
Adrenal glucocorticoids induce both morphological and enzymic changes in various target tissues. In fetal rabbit and lamb, these steroid hormones cause accelerated lung development and precocious appearance of pulmonary surfactant in whole-lung homogenates and lung washes (1) (2) (3) . A deficiency of surfactant in lungs of human infants is considered to be the primary cause of idiopathic respiratory distress syndrome (4), a major cause of death in premature infants.
It is not known whether corticosteroids influence the lung directly or as a consequence of their effects in other tissues.
In particular, there is little information regarding the molecular mechanism of their action in fetal lung. In many target tissues the first step in the cellular action of steroid hormone involves binding of the hormone to specific cytoplasmic re--ceptors (5, 6 (6) . Binding was complete by 90-120 min at 00, and was proportional to cytosol protein concentration between 2 and 20 mg/ml. Macromolecular bound radioactivity was determined by a charcoal assay (6) that utilizes the property of activated charcoal to absorb free, but not bound, steroid. Results are plotted as P3H]dexamethasone specifically bound (total radioactivity excluded from charcoal minus "background" counts) against free dexamethasone (total dexamethasone added minus the amount bound).
Fetal lung nuclei were prepared from the 600 X g pellet by washing in medium 1 twice and once in medium 1 lungs of older fetal rabbits, and also in preliminary experiments with 140-day fetal-lamb lung.
If it is assumed that most types of lung cells contain the glucocorticoid receptor, we estimate that each cell contains on the average 9500 nuclear sites and 12,000 cytoplasmic receptor sites. The observation that there are about equal numbers of cytoplasmic and nuclear binding sites is in agreement with the findings in cultured hepatoma cells, and supports a proposed model for the cellular mechanism of glucocorticoid action (13) .
Receptor in other fetal tissues Specific cytoplasmic receptors have been found in all steroid hormone-responsive tissues examined thus far; furthermore, the development of hormone resistance in certain tissues is associated with a decreased concentration of receptor (14, 15) . Therefore, we examined receptor concentration in other fetal tissues for comparison with lung, and as an indicator of which fetal tissues potentially might respond to glucocorticoids. Fetal lung contained 2-to 5-fold greater concentration of receptor sites than any of the other tissues examined. (Table   3 ). The maternal placental site did not have detectable reProc. Nat. Acad. Sci. USA 69 (1972) ceptor activity. The apparent Kd for the tissues ranged from 2.2 to 8.0 nM. The higher apparent Kd observed in some experiments may reflect increased levels of endogenous glucocorticoids, which would compete to some extent with labeled dexamethasone. Scatchard plots for dexamethasone binding in tissues other than lung also were linear. Thus, it appears that many fetal tissues contain similar cytoplasmic receptor systems, although at lower concentrations than observed in lung. It is not yet established, however, whether these receptors also undergo translocation to nuclear binding sites.
Glucocorticoid hormones induce specific enzymes in embryonic retina (16) and pancreas (17) , fetal gut (18) , and newborn liver (19) ; however, effects of corticosteroids have not been described in most fetal tissues. The presence of specific cytoplasmic receptors in many fetal tissues of rabbits suggests that glucocorticoids may exert numerous yet unrecognized developmental effects. It is possible that the concentration of receptor determines the responsiveness of a tissue to glucocorticoids. Lower concentrations of receptor in some fetal tissues, however, could result from the relative deficiency or absence of receptor in certain cell types. In an adult rat, for example, McEwen (20) finds a severalfold variation in the extent of corticosterone uptake in different regions of the brain. In other tissues with relatively homogeneous cell populations, such as skeletal muscle and heart, this possibility seems less likely. Cytosol made from whole fetal lung has receptor levels similar to those found in homogeneous populations of cultured hepatoma cells and lymphoma cells (11, 15) , suggesting that most or all of the constituent cell types of lung contain adequate levels of cytoplasmic receptors for biologic activity.
Ontogeny of lung receptor A wide distribution of receptor among different pulmonary cell types would be consistent with the observation that administration of glucocorticoids to fetal rabbits stimulates morphological development of many lung cell types, including the type II alveolar cell that is thought to be the site of surfactant synthesis (1). These effects of adrenal hormone on cell differentiation occur as early as 19 days of gestation; however, there is no evidence for stimulation of alveolar surfactant by exogenous glucocorticoids before 26 days (2) . We find that cytoplasmic receptor is present at 18 days of gestation, and that its concentration remains constant until birth; values at 18 and 29 days, for example, were identical (0.38 pmol/mg of protein). It was not technically possible to obtain lung tissue from younger fetuses; however, cytosol prepared from whole 16-day rabbit fetus contained receptor at a concentration of 0.13 pmol/mg of protein.
These data indicate that cytoplasmic receptor appears early in gestation and probably is not normally the limiting factor in development of fetal-lung responsiveness to either endogenous or administered glucocorticoids.
Biological implications
We have presented evidence that fetal lung contains specific cytoplasmic receptors that bind glucocorticoids, then migrate to the nucleus. These findings are consistent with a direct role for glucocorticoids in both normal and accelerated pulmonary development. Furthermore, they suggest that adrenal hormones induce specific proteins in fetal-lung cells via the receptor system in a manner analogous to the inducglucocorticoids stimulate appearance of pulmonary surfactant in animals is of particular interest with regard to human-lung development and the occurrence of idiopathic respiratory distress syndrome. In a preliminary study of fetal-human lung (data not shown), we found cytoplasmic receptors and nuclear binding sites present at 14 weeks of gestation, several weeks before tissue surface-active material has been detected (21) 
